ABSTRACT: The coordination geometry of transition metal ions cr3+, ~n~+ ,~e ' + , F e~+ , N i~+ and cu2+ in acqueous solution has been studied by x-ray absorption near edge structure spectroscopy. The spectra have been analyzed in terms of succesive orders of multiple scattering contributions. The effect of the absorbing central atom, oxydation state, interatomic distance of the various metal ions and the particular site structure of cu2+ are discussed.
INTRODUCTION
The coordination of transition metal ions in solution has been studied by several methods which probe the pair correlation fun~tion.(~~~)~owever, direct information on the site geometry can only be obtained by the determination of higher orders correlation functions. It has been recently demonstrated that x-ray absorption absorption near edge structure (XANES) spectroscopy is a direct probe of these ~a t t e r s (~*~) and the three atom correlation function has been extracted experimentally for the [cro412' and [Mn04]-ions in solution. (8) We report here the metal ion K-edge spectra of cr3+,~n2+,Fe3+, Ni2+ and cu2+ ions in solution with high signal to noise ratio using synchrotron radiation. The data analysis of the XANES spectra for these ions is simplified by the structural disorder of further shells of neighbours which reduces the size of the effective absorbing cluster to the metal ion and the first coordination shell. The multiple scattering data analysis shows that octahedral geometry of water molecules around the central atom is present in all the ions studied. The effect of the ion valence state on the spectra is described in terms of different electronic configuration used to construct the final state potential and by the different metal-ligand interatomic distances. In the case of cu2+ regular octahedral geometry was found and the tetragonal Jahn Teller distortion expected for this ion was not observed. A careful analysis of the EXAFS and XANES spectra supports the conclusion that either the static distortion is less than 0.3 or a dynamical Jahn Teller distortion is present in this ion.
2.EXPERIMENTAL AND CALCULATION
The XANES and EXAFS spectra of transition metal ions have been measured at the Frascati figure 1 over a 120 eV energy range. These spectra characteristic of octahedral oxygen geometry (6,7),
show the presence of two features near the absorption edge (labeled A and B) which are better resolved in the case of divalent ions than in the trivalent ones. In fact, the B feature in the cr3+ spectra reaches the same height as the main peak A, an intermediate situation occurs in the ~e~+ spectrum whereas for divalent ions feature A is much higher than feature B. The different spectral shape for divalent and trivalent ions provides indication that changes on the shape in the XANES spectra can also be caused by the different oxydation state. Multiple scattering calculations for the I s(A1)-E~(T~ , ) transitions in Me06 octahedral clusters (Me= Cr, Mn, Fe, Ni) are reported in figure 2 where we use the interatomic distances given in literature(3). The shape of the calculated spectra corresponds closely to the experimental ones, showing the difference between the spectrum of divalent and trivalent metals.
In terms of multiple scattering contributions, the main line A for octahedral clusters is determined by a full multiple scattering resonance where all the multiple scattering contributions X , to the total cross section a, a = a o ( l +Zn,2 Xn), are in phase. (7) We report in figure 3 the expansion of the cross section in the differents multiple scattering components for the Cr06 cluster. Although higher orders of multiple scattering are not negligible above 60 eV , the destructive interference between pair of consecutive terms, i.e. X3 and X4, is the reason why only the second order term is relevant above this energy. This seems a general physical effect for octahedral clusters in which the relevant multiple scattering events corresponds to that of collinear configuration. In the energy range between the main resonance A and 50 eV above zero the structure is mainly determined by X2 and X3 To test the capability to determine the geometry we have performed calculations for tetrahedral clusters in figure 4.1n the three upper spectra of Mn04-~r 0 4~' and ~0~3 -we have used the real metal ion-ligand distance, whereas for the Fe04and Cu04 spectra we have taken the same distance as for the octahedral case. We notice two effects: a dipendence of the shape of the spectra on the distance inside the two tetrahedral groups and a overall difference of the tetrahedral spectra from their octahedral counterpart. Also for the Fe04 and Cu04 theoretical spectra the total cross section is reproducible up to100 eV with the sum of the X2 and XS terms,which could allow the determination of the three particle correlation function in these ~~s t e m s . (~~* )
The multiple scattering higher orders terms in Me04 tetrahedral clusters go to zero more quickly than in octahedral clusters and the take over of the EXAFS regime is not determined by a destructive interference effect. 
